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PREFACE 


F or nearly a quarter of a century, the U.S. space program enjoyed what 
can appropriately be termed a "‘golden age.” From the launch of 
Earth-orbiting satellites, to the visits by robotic spacecraft to Venus and 
Mars, to the stunning achievement of landing the first human beings on 
the Moon, the many successes of the space program were exciting and 
awe-inspiring. The United States was clearly and unquestionab v the 
leader in space exploration, and the nation reaped all the benefits of 
pride, international prestige, scientific advancement, and technological 
progress that such leadership provides. 

However, in the aftermath of the Challenger accident, reviews of our 
space program made its shortcomings starkly apparent. The United 
States’ role as the leader of spacefaring nations came into serious ques- 
tion. The capabilities, the direction, and the future of the space program 
became subjects of public discussion and professional debate. 

The U.S. civilian space program is now at a crossroads, aspiring toward 
the visi*~ s of the National Commission on Space but faced with the 
realities set forth by the Rogers Commission. NASA must respond ag- 
gressively to the challenges of both while recognizing the necessity of 
maintaining a balanced space program within reasonable fiscal limits. 

Two fundamental, potentially inconsistent views have emerged. Many 
people believe that NASA should adopt a major, visionary' goal. Thev 
argue that this would galvanize support, focus NASA programs, and gen- 
erate excitement. Many others believe that NASA is already overcom- 
mitted in the 1990s; they argue that the space agency will be struggling 
to operate the Space Shuttle and build the Sp-^ce Station, and could not 
handle another major program. 



Eoth views reflect concern over the current 
status of the space program, but each deals with 
only one aspect ol .‘he problem. The space pro- 
gram needs a long-range direction; it also needs 
the fundamental capabilities that would enable 
it to move in that direction. A single goal is not 
a panacea — the problems facing the space pro- 
gram must be met head-on. not oversimplified. 
But if there are no goals, or if the goals are too 
diffuse, then there is no focus to the program and 
no framework for decisions. 

The goals of the civilian space program must be 
carefully chosen to be consistent with the na- 
tional interest and also to be consistent with 
NASA’s capabilities. NASA alone cannot set 
these goals, but NASA must lead the discus- 
sion, present technically feasible options, and 
implement programs to pursue those goals 
which are selected. 

We must ask ourselves: “Where do we want to 
be at the turn of the century?” and “What do we 
have to do now to get there?” Without an eye to- 
ward the future, we flounder in the present. It 
is not too early to crystallize our vision of the 
space program in the year 2000. A clear vision 
provides a framework for current and future pro- 
grams: it enables us to know which technologies 
to pursue, which launch vehicles to develop, 
and which features to incorporate into our Space 
Station as it evolves. 


Leadership in space does not require that the 
U.S. be preeminent ir> all areas of space enter- 
prise. The widening range of space activities 
and the increasing n amber of spacefaring 
nations make it virtually impossible for any 
ccuntry to dominate n this wav. It is, therefore, 
essential for America to move promptly to deter- 
mine its priorities and to pursue a strategy which 
would restore and sustain its leadership in the 
areas deemed important. 

The Rogers Commission, in its concluding 
thoughts, states that NASA “constitutes a na- 
tional resource that plays a critical role in space 
exploration and development. It also provides a 
symbol of national pride and technological 
leadership. The Commission applauds NASA's 
spectacular achievements of the past and anti- 
cipates impressive achievements to come.” 
Only with a clear strategy in place, and its goals 
for the future defined and developed, will the 
country be able to regain and retain leadership 
in space. 
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INTRODUCTION 


I n response to growing concern over the posture and long-term direc- 
tion of the U.S. civilian space program, .NASA Administrator Dr. 
James Fletcher formed a task group to define potential U.S. space in- 
itiatives. and to evaluate them in light of the current space program and 
the nation’s desire to regain and retain space leadership. The objectives 
of the study were to energize a discussion of the long-range goals of the 
civilian space program and to begin to investigate overall strategies to 
direct that program to a position of leadership. 

The task group identified four candidate initiatives for study and evalu- 
ation. Each builds on NASA's achievements in science and exploration, 
and each is a bold, aggressive proposal which would, if adopted, restore 
the United States to a position of leadership in a particular sphere of 
space activity. The four initiatives are: (lj Mission to Planet Earth. 
(2) Exploration of the Solar System, (3) Outpost on the Moon, and 
(4) Humans to Mars. All four initiatives were developed in detail, and 
the implications and requirements of each were assessed. 

This process was not intended to culminate in the selection of one in- 
itiative and the elimination of the other three, but rather to provide four 
concrete examples which would catalyze and focus the discussion of the 
goals and objectives of the civilian space program and the efforts required 
to pursue them. 

When this activity began, several studies relevant to NASA’s long-range 
goals and its ability to achieve those goals were already in progress. Some 
of these studies were being conducted by agencies external to NASA: 
others were internal NASA studies. This task group became familiar with 
those efforts, and sponsored others in areas not already covered. Addi- 
tional information on all these studies is provided at the end of this report. 
The interested reader is referred to the published reports for detailed 
recommendations . 



The major milestones of all relevant studies 
were plotted on a timeline, shown in Figure 1. 
This proved to be a useful summary for identify- 
ing the activities and their projected completion 
dates. A similar overview timeline should con- 
tinue to be produced and revised, since it raises 
awareness of existing studies and coordinates 
related efforts. 


This is not a final report. Rather, it is a status 
report describing the work accomplished to 
date, and how this work will continue. The re- 
port discusses long-term goals of the civilian 
space program, current posturing required to at- 
tain these goals, and the need for a continuing 
process to define, refine, and assess both the 
goals and the strategy to achieve them. 
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Figure 1 . NASA Strategic/ Long- flange Planning Activities 
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LEADERSHIP IN SPACE 

F or two decades, the United States was the undisputed leader in 
nearly all civilian space endeavors. However, over the last decade 
the United States has relinquished, or is relinquishing, its leadership in 
certain critical areas; one such area is the exploration of Mars. With the 
Mariner and Viking missions in the 1960s and 1970s, this country 
pioneered exploration of Mars - but no American spacecraft has visited 
that planet since 1976. Our current plans for future exploration of Mars 
include only the Mass Observer mission, to be launched in 1992. In con- 
trast, the Soviets have announced a program of extensive robotic explo- 
ration of the Martian surface, beginning in 1988 and extending through 
the 1990s. 

The Soviets are now the sole long-term inhabitants of Iow-Earth oibit. 

The first, and only, U.S. space station, Skylab, was visited by three crews 
of astronauts before it was vacated in 1974; the U. S. has had no space 
station since. The Soviets have had eight space stations in orbit since 
the mid-1970s. The latest, Mir, was launched in 1986 and could accom- 
modate cosmonauts and scientific experiments for nearly a decade before 
the U.S. Space Station can accommodate astronauts in 1995. 

The United States has clearly lost leadership in these two areas, 
and is in danger of being surpassed in many others during the next 
several years. 

The National Space Policy of 1982, which “establishes the basic goals 
of United States policy,” includes the directive to “maintain United 
States space leadership. ” It further specifies that “the United States is 
fully committed to maintaining world leadership in space transporta- 
tion,” and that the civilian space program “shall be conducted ... to pre- 
serve the United States leadership in critical aspects of space science, 
applications, and technology.” 




Leadership cannot simply be proclaimed - it 
must be earned. As NASA evaluates its goals 
and objectives within the framework of the 
National Space Policy, the agency must first un- 
derstand what is required to “maintain U.S. 
space leadership.” since that understanding 
will direct the selection of national objectives. 

Leadership does not require that the U.S. be 
preeminent in all areas and disciplines of space 
enterprise. In fact, the broad spectrin of space 
activities and the increasing number of 
spacefilling nations make it virtually impossible 
for any nation to dominate in this way. Being an 
effective leader does mandate, however, that 
this country have capabilities which enable it to 
act independently and impressively when and 
where it chooses, and that its goals be capable 
of inspiring offers — at home and abroad — to 
support them. It is essential for this country to 
move promptly to determine its priorities and to 
make conscious choices to pursue a set of objec- 
tives which will restore its leadership status. 

Leadership results from both the capabilities a 
country has acquired and the active demonstra- 
tion of those capabilities; accordingly, the 
United States must have, and also be perceived 
as having, the ability to meet its goals and 
achieve its objectives. 

A U.S. space leadership program must have two 
distinct attributes. First, it must contain z ound 
program of scientific research and technology 
development - a program that builds the na- 
tion’s understanding of space and the space en- 
vironment, and that builds its capabilities to 
explore and operate in that environment. The 
United States will not be a leader in the 21st 
Century if it is dependent on other countries for 
access to space or for the technologies required 
to explore the space frontier. Second, the pro- 
gram must incorporate visible and significant 
accomplishments; the United States will not be 
perceived as a leader unless it accomplishes 
feats which demonstrate prowess, inspire 


national pride, and engender international re- 
spect and a worldwide desire to associate with 
U.S. space activities. 

National pride and international proligearo two 
natural benefits of leadership in space. National 
pride grows as citizens recognize their country’s 
abilities and achievements; international pres- 
tige rises as other nations recognize those 
abilities and achievements. 

Pt rhaps most significant, leadership is also a 
process. That process involves selecting and 
enunciating priorities for the civilian space pro- 
gram and then building and maintaining the re- 
sources required to accomplish the objectives 
defined within those priorities. NASA can con- 
tribute to this process by: (1) establishing a vi- 
sion and goals consistent with national space 
interests; (2) developing and recommending ob- 
jectives and programs that support those goals: 
(3) articulating, promoting, and defending them 
in the political and fiscal arenas; and (4) effec- 
tively executing approved programs. 

To this en L NASA embarked last fall on a re- 
view of its goals and objectives. As NASA Ad- 
ministrator Dr. James Fletcher stated, “It is our 
intent that this process produce a blueprint to 
guide the United States to a position ofleader- 
ship among the spacefaring nations of Earth.” 

The first step in this necessarily lengthy process 
was taken by NASA Senior Management’s 
Strategic Planning Council when it adopted the 
statement in the box or. the next page. 

This statement reflects the belief that NASA em- 
bodies the human spirit’s desire to discover, t„ 
explore, and to understand. It should be noted 
that the Space Shuttle and Space Station are not 
viewed as ends in themselves, but as the means 
toward achieving the broader goals of the na- 
tion’s space program. Transportation and orbital 
facilities support and enable our efforts in sci- 
ence, exploration, and enterprise. 
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The next step in this process should be to articu- 
late specific objectives and to identify the pro- 
grams required to achieve these objectives. Of 
course, in some areas of study the programs 
have already been identified and are well 
under way. For example. The Hubble Space 
Telescope, a general-purpose astronomical 
observatory in t rce. is an element o f NASA’s 
program to increase our understanding of the 
universe in which we live; the redesign and re- 
qualification of the Space Shuttle's solid rocket 
booster joint is part of NASA's program to return 
the Space Shuttle to flight status. However, in 
other areas, such as piloted exploration, our 
objectives have not been clearly identified. 
Does this country intend to establish a lunar out- 
post? To send an expedition to Mars? What are 
NASA’s major objectives for the late 20th and 
eady 21st Centuries? The Space Shuttle and 
Space Station will clearly support the objec- 
tives, but what will they be supporting? 

These questions cannot, of course, be answered 
by NASA alone. But NASA should lead the dis- 
cussion. propose technically feasible options, 
and make thoughtful recommendations. The 
choice of objectives will shape, among other 
things, NASA’s technology program, the evolu- 
tion of the Space Station, and the character of 
Earth-to-orbit transportation. 


MEETING THE CHALLENGE j 
IN AERONAUTICS 
AND SPACE 

NASA’s vision is to be at the forefront of J 
advancements in aeronautics, space science. ‘ 
and exploration. To set our course into the ! 
2lsl Century and bring this vision to reality, j 
NASA will pursue major goals which repre- ! 
sent its aspirations in aviation and space. j 
These goals are: 

• Advance scientific knowledge of the 
planet Earth, the solar system, and 
the universe beyond. 

• Expand human presence beyond the 
Earth into the solar system. 

• Strengthen aeronautics research and 
develop technology toward promoting 
U-S. leadership in civil and military 
aviation. 

Successful pursuit of these major goals re- 
quires commitment to the following support- 
ing goals: 

• Return the Space Shuttle to flight 
status and develop advanced space 
transportation capabilities. 

• Develop facilities and pursue science 
and technology needed for the 
Nation's space program. 

As NASA pursues these goals, we will: 

• Promote domestic application of 
aerospace technologies to improve 
the quality of life on Earth and to ex- 
tend human enterprise beyond Earth. 

• Conduct cooperative activities with 
other countries when such coopera- 
tion is consistent with our national 
space goals. 
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STRATEGIC OPTION 
DEVELOPMENT 


T he statement adopted by the Strategic Planning Council describes 
NASA’s mission, its vision, and the scope of its activities. But the 
next step in the process cannot be taken in the absence of a comprehen- 
sive strategy for the civilian space program. Without a coherent formu- 
lation of the United States' intentions and priori ties, there is no context 
in which to evaluate the relevance or the importance of any proposed 
initiatives . 

To lay the foundation for the definition and articulation of such a strategy, 
NASA is currently developing a process to systematically assess the pos- 
ture of our space program and to refine and assess candidate strategies 
to direct its future. This process, strategic option development, is still 
in its early stages; nevertheless, the development of the process has 
yielded some interesting insights into existing and potential space 
strategies. 

Ti.e application of strategic option development to charting the future of 
the U.S. space program initially evolved from analogies drawn from rel- 
evant aspects of business theory. Although it is unconventional to think 
of space endeavors in terms of a business, many concepts from the busi- 
ness world are applicable and quite useful. 

Leadership ip business is possible at any time during a product's life 
cycle. When a new product is introduced (the innovator stage) there is 
no competition. If the product is successful, the firm becomes the market 
leader by default. The drawback, of course, is that innovators must ac- 
cept the high cost and high risk associated with being first. The space 
program in the early 1960$ was an innovator’s market. Nearly every suc- 
cessful effort produced a “first, " IhiI the risks, as well as the numi/cruf 
failures, were very high. 


The Launch of Americas first astronaut in space, Alan B. Shephard Jr., 
on the Mercury Redstone II from Cape Canaveral on May 5, 1961. 
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In a mature business market (the late majority 
stage) there exists a balance, as many firms 
compete for some share of the market. At this 
stage, it is still possible to be a market leader 
by carting out a pprucular niche of that market 
or by de li ve rin g the highest quality or best 
value. The launch vehicle market, for example, 
is a pproaching a more mature stage, and many 
countries will be wing for 'eadetship in 
the 1990s. 

A him engaged in more than one market must 
develop an integrated strategy which provides 
the flexibility to be both an innovator :n a new 
market and the leading competitor in a mature 
market: this principle should be applied to a 
space program as well. 

The business of space has expanded consider' 
ably since the 1960s. The areas of scientific 
research, space technology . space exploration, 
and space services are still open to leadership 
through innovation, but some are also now open 
to leadership in more mature markets. In fact, 
national space programs must now look at four 
stages of space leadership: (1) the pioneer stage, 
innovation in some particular area of research, 
technology, or exploration: (2) the complex sec- 
ond stage, a < ontinuation of a pioneering effort, 
but with bro ader, more complex objectives; (3> 
the operational stage, with relatively mature and 
routine capabilities: and (4) the commercially vi- 
able stage, with the potential for profit-making. 

The activities of a space program can be charac- 
terized by physical regions of space: (1) deep 
space. (2) the outer solar system (the planets 
beyond the asteroid belt). (3) the inner solar sys- 
tem (the inner planets, the Moon, and the Sun), 
(4) high-Earth orbit, and (5) low- Earth orbit. 
Supporting technologies, such as launch 
capabilities and orbital facilities, are required 
to undertake all programs. 

The complex concept of space leadership may 
be broken down into logical elements to form a 


two-dimensional matrix. The columns of the 
matrix are delineated by the four leadership 
stages outlined previously: the rows are the five 
physical regions of possible space activities, 
with a sixth row for supporting technologies and 
transportation. Each square of the matrix de- 
fines a particular area of possible leadership. 

'is matrix analysis provides a wav to concep- 
tualize alternative courses of act ion and can be 
used to describe and assess the space programs 
of spacefaring nations. It is possible to be a 
leader in a single square through any of a 
number of different programs. Figure 2 illus- 
trates several programs which. if undertaken in 
the 19905, would result in leadership in one 
area of space endeavor. For example, a country 
could be a leader in the highlighted area of a 
complex second effort in the inner solar system 
by successfully establishing a lunar outpost or 
by sending sophisticated rovers to other worlds. 

Not ail the squares will be accessible in the next 
decades. Technology has not progressed to the 
point that any nation is able to contemplate, for 
example, commercial prospects in the outer 
solar system. This figure does not represent a 
particular strategy; rather, it represents a col- 
lection of potential programs. 

Being a leader in one area no longer results in 
overall space leadership. In the early 1960s. the 
United States and the Soviet Union were the only 
competitors, and only the cells in the lower left 
corner of the matrix were accessible. As 
technology advanced and nations gained ex- 
perience in space, the opportunities began to 
expand. In the 1960s. the U.S. learned to send 
satellites to geosynchronous orbit, scientific ex- 
periments to iow-Earth orbit, spacecraft to 
Mars, and even astronauts to the Moon. America 
was undeniably the leader in space exploration, 
but the range of space activities was (by today's 
standards) relatively limited. In the 1980s, not 
only has the number of spacefaring nations in- 
creased, but so has the range of activities that 
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an interested nation might undertake. 

The business of sp^ce has expanded and 
branched. and now encompasses such diverse 
and mature fields as remote sensing, micrograr- 
ity materials research, co mm erc i al communica- 
tions, and interplanetary exploration. It appears 
virtually impossible for a single nation to domi- 
nate in all space endeavors. Since the U.5. can 
no longer reasonably expect to lead the way in 
all activities, it is now important to adopt a 
strategy to strive for leadership in carefully cho- 
sen areas. 

If nations engage in similar activities (occupy 
the same space on the matrix! »he conditions 
exist for either rivalry or cooperation: if a nation 
engages in distinct activities (occupies a space 
alone), the conditions exist for uncontested 
leadership. 

This matrix was used to broadly characterize the 
space programs of the United States and other 


spacefaring nations during two periods of the 
space age: ill 1957 through 1977. illustrated by 
Figare 3; and (2) 1978 through 1990. illus- 
trated by Figure 4. 

The major programs, U-S. and non-L'.S . were 
identified and placed in the appropriate 
squares. This is by no means a comprehensi ve 
compilation, but the selected activities are rep- 
resentative of space efforts during these periods. 
An admittedly subjective assessment was made 
of whether the public perceived the U.S. or non- 
L -S- efforts to be the leaders in a given square. 
Each square was then shaded either blue or red: 
blue if the U-S. was judged the leader, red if not. 

A comparison of the two matrices graphically 
displays the difference between these two 
periods of time. In the early years of the space 
age, fewer areas were accessible and the U.S. 
was the clear leader in most; the matrix repre- 
senting die 1980s illustrates the decline of L'.S. 
leadership. 
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Figure 2. Possible Programs to Capture Leadership after 1995 
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Examining the programs of the specefaring na- 
tions shows the basic character oi each. The 
U S. space program has historically been com- 
posed of pioneering efforts - significant firsts 
and complex second efforts, which emphasized 
advanced research, technology, and explora- 
tion. The general trend c&n be characterized as 
revolutionary, producing spectacular events, 
rather than moderate, evolutionary advances. 
Even the United States Spare Shuttle, though 
designed to be operational, was a revolutionary 
concept — it did not evolve from existing launch 
vehicles. 

The Soviet space program, which is radically 
different from the American program, can be 
characterized as systematic and evolutionary. 
The primary focus is not on advanced research 
and technology, but on incrementally developed 
operational capabilities, achieved through a 
strong commitment to a robust infrastructure. 
The Soviets have steadily evolved toward this 
operational state and they are now beginning to 
build on that operational base to move slowly 
into the commercial arena. 

The Europeans and the Japanese appear to be 
pursuing strategies that combine desires to pur- 
sue science in selected areas and to achieve 
commercial viability in others. The launch sys- 
tem Ariane, die remote-sensing satellite SPOT, 
and the Japanese JEM (which will be devoted to 
materials science research) are all examples of 
elements in these strategies. 


These observations suggest that there is no one 
“correct” strategy; rather, there are many dis- 
tinct Strategic options. Clearly, each nation 
should choose and pursue a strategy which is 
consistent with its own national objectives. 

What should our choice be? Do we want to ma- 
ture our opeiationa 1 Earth- orbiting capabilities 
tu a viable commercial enterprise? Should we 
continue our leadership role in solar system and 
deep-space exploration? Or should we focus on 
venturing ever further outward from Earth with 
human expeditions to the planets? 
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Figorc 4. Leadership Matrix: Representative Achie vem ents, 1978 to 1990 
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LEADERSHIP INITIATIVES 

T o energize a discussion of long-range goals and strategies for the 
civilian space program, four bold initiatives were selected for def- 
inition, study, and evaluation: 

1. Mission to Planet Earth: a program that would use the perspective 
afforded from space to study and characterize our home planet on a global 
scale. 

2. Exploration of the Solar System: a program to retain U.S. leader- 
ship in exploration of the outer solar system, and regain U.S. leadership 
in exploration of comets, asteroids, and Mars. 

3. Outpost on the Moon: a program that would build on and extend 
the legacy of the Apollo Program, returning Americans to the Moon to 
continue exploration, to establish a permanent scientific outpost, and to 
begin prospecting the Moon’s resources. 

4. Humans to Mars: a program to send astronauts on a series of round 
trips to land on the s. dace of Mars, leading to the eventual establishment 
of a permanent base. 

The intent is not to choose one initiative and discard the other three, but 
rather to use the four candidate initiatives as a basis for discussion. For 
this reason, it was important to choose a set of initiatives which spanned 
a broad spectrum of content and complexity. 


The ground rules for this study are important to 
understand, since they influenced the detailed 
definition of the initiatives. The ground rules, 
set forward at the outset of this study, were: 

• Th ' initiatives should be considered in 
addition *o currently planned NASA 
programs. They were not judged 
against, nor would they supplant, exist- 
ing programs. 

• Each initiative should be developed 
independently. There is, of course, 
considerable synergism between certain 
initiatives. For example, one possible 
progression for human exploration could 
be the development of a lunar outpost, 
followed by an expedition to Mars. How- 
ever, in order to provide a clear starting 
point for discussion, the four were con- 
sidered to be distinct. 

• The initiatives should achieve major 
milestones within two decades. 

• The Humans to Mars initiative should 
be assumed to be an American venture. 
It was beyond the scope of this work to 
consider joint U.S./Soviet human 
exploration. 

The candidate initiatives were developed and 
presented to NASA management to: (1) evaluate 
the initiatives and their implications, and (2) 
promote a discussion of the attributes of each in- 
itiative to determine the elements which are 
most important to NASA and to the United 
States. 

Each initiative was developed by a separate task- 
group, which discussed the goals, milestones, 
and elements of the initiative, and then deter- 
mined the requisite transportation, space 
facilities, and technologies. For each initiative, 
an “advocate” was identified to work with ap- 
propriate NASA personnel to develop program- 
matic details. These four advocates presented 
the strategies, scenarios, requirements, and 
rationale to senior NASA management. 


Two initiatives. Mission to Planet Earth and 
Exploration of the Solar System, had a body of 
recent work from which to draw. The 1986 re- 
port of the Earth System Sciences Committee of 
the NASA Advisory Council. Earth System 
Science: .4 Program for Global Change, clearly 
states goals for the future observation of Earth. 
Two reports by the Solar System Exploration 
Committee of the N 4SA Advisory Council simi- 
larly articulate goals and recommendations for 
solar system exploration. Titled Planetary 
Exploration through Year 2000: Part One: 4 
Core Program, and Part Two: An Augmented 
Program, these reports outline both a conserva- 
tive. steady program for solar system exploration 
and a set of more challenging, exciting missions 
to be undertaken if resources to do so become 
available. The other two initiatives. Outpost on 
the Moon and Humans to Mars, did not have 
clearly delineated strategies available and no 
specific organization within NASA was dedi- 
cated to their advocacy. 
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eluded that couth ts m a process qi global 
change, and scientists now believe that it is 
necessary to study Earth as a synergistic system. 
As stated in the Earth System Sciences Commit- 
ter report cited earlier, "Globai observations, 
new space technology, and quantitative models 
have now given us the capability to probe the 
complex, interactive processes of Earth es uH*- 
tion an e.” Interactive physical 


activity significantly contributes to the cycling 
of chemicals ye. g . , carbon, oxygen, and .carbon 
dioxidet important to life. And now it is clear 
that human activity also has a major impact on 
the evolution of the Earth System. 

Global-scale cuanges of uncertain impact, rang- 
ing from an increase in the atmospheric warming 





Strategy and Scenario 

The guiding principle behind this initiative is to 
adopt an integrated approach to observing 
Earth. The observations from various sensors on 
platforms and satellites will be coordinated to 
perform global surveys and also to perform de- 
tailed observations of specific phenomena. 

Mission to Planet Earth proposes: 

1. To establish and maintain a global 
observational system in space.which 
would include experiments and free-flv- 
ing platforms, in polar, low-inclination, 
and geostationary orbits, and which 
would perform integrated, long-term 
measurements. 

2. To use the data from these satellites 
along with in-situ information and nu- 
merical modeling to document, under- 
stand, and eventually predict global 
change. 

As illustrated in Figure 5. the global 
observational system would include a suite of 
nine orbiting platforms: 

• Four sun-synchronous polar platforms: 
two provided by the United States and 
one each provided by the European 
Space Agency (ESA) and the Japanese 
National Space Development Agency 
(NASD A). The first platform would be 
launched in 1994 and all four platforms 
would be in orbit by 1997. These plat- 
forms would provide global polar cover- 
age with morning and afternoon crossing 
times. 

• Five geostationary platforms: three pro- 
vided by the U.S. and one each by ESA 
and NASDA. These platforms would all 
be launched and deployed between 
1996 and 2000. 


Figure 5 . Mission to Planet Earth 

Low-inclination, low-altitude payloads would 
also be included in the system. The Earth Radi- 
ation Budget Experiment satellite, launched 
from the Space Shuttle in 1984, and the syn- 
thetic aperture radar sensors. SIR-A and SIR-B, 
flown on the Shuttle in 1981 and 1984, are the 
types of experiments that would fall into this 
category. Another example would be a proposed 
Space Station-attached payload designed lo ob- 
tain coverage of tropical rainfall with sampling 
at all local times. 

The integrated system would measure the full 
complement of the planet’s characteristics, 
including: global cloud cover, vegetation cover, 
and ice cover; global rainfall and moisture; 
ocean chlorophyll content and ocean topog- 
raphy; motions and deformations of Earth's 
tectonic plates; and atmospheric concentration 
of gases such as carbon dioxide, methane, and 
ozone. 

Space-based observations would also be coordi- 
nated with ground-based experiments and the 
data from all observations would be integrated 
by an essential component of this initiative: a 
versatile, state-of-the-art information manage- 
ment system. This tool is critical to data analysis 
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and numerical modeling, id would enable the 
integration of all observational data and the 
development of diagnostic and predictive Earth 
System models. 

This global observational system would be 
designed to operate for decades, serviced either 
by astronauts or robotic systems to ensure long 
life and to provide the continuing data collec- 
tion, integration, and analysis required bv this 
initiative. 

Because of its international and interdiscipli- 
nary nature, the Mission to Planet Earth re- 
quires the strong support and involvement of 
other U.S. government agencies (particularly 
the National Science Foundation and the 
National Oceanic and Atmospheric Administra- 
tion) and of our international partners. The roles 
of the various Federal agencies have been 
examined in detail by the Earth System Sciences 
Committee. NASA’s responsibilities would in- 
clude the information management system and 
platforms and experiments described previ- 
ously. Most important, NASA would also pro- 
vide the supporting technology, space transpor- 
tation, space support services, and much of the 
scientific leadership. 

Technology, Transportation, 
and Orbital Facilities 

This initiative requires advances in technology 
to enhance observations, to handle and deliver 
the enormous quantities of data, and to ensure 
a long operating life. Sophisticated sensors and 
information systems must be designed and de- 
veloped, and advances must be made in automa- 
tion and robotics (whether platform servicing is 
performed by astronauts or robotic systems). 

To achieve its full scope, this initiative requires 
the operational support of Earth-to-orbit and 
space transportation systems to accommodate 
the launching of polar and geostationary plat- 
forms. This does not represent a large number 


of additional launches, but it does require the 
capability to launch large payloads to polar 
orbit: Titan IVs would be used to accomplish 
this. Since the envisioned geostationary plat- 
forms would be lifted to low-Earth orbit, assem- 
bled at the Space Station, and then lifted to 
geosynchronous orbit with a space transfer ve- 
hicle, well-developed orbital facilities are 
essential. By the late 1990s, the Space Station 
•oust be able to support on-orbit assembly, and 
a space transfer vehicle must exist. 

Summary 

NASA, with its technical and scientific exper- 
tise, is uniquely suited to lead Mission to Planet 
Earth. Only from Earth orbit can we gain the 
perspective necessary to observe the Earth Sys- 
tem and the interaction of its components on a 
global scale. We now understand what to ob- 
serve and how to observe it. While we do not yet 
know how the data will piece together, the 
resulting Earth System models, developed and 
refined over years of study, are the important 
products of this initiative, and would establish 
NASA as a responsive agency ready to meet the 
challenge of a genuine time-critical need. 
Championing this initiative would establish the 
United States at the forefront of a world- 
recognized need to understand our changing 
planet. 


25 




•Ml 




& 


rr~" 


The Cornel Rendezvous Asteroid Flyby space- 
craft flies in formal ion with Comet Tempel 2, 


Background 

lu the 1060s and 1970s, exploration of the solar 
system was an important ami visible component 
of the l .$. space program, Highiv successful 
missions such as Pioneer,. Viking, and Voyager 
made the United States the unchallenged leadet 
in the exploration of the planets. Our spacecraft 
were consistently both the first and the best. 
While the Soviet Union concentrated must of its 
efforts on the exploration of Venus, the res t of 
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and would con - the quest to understand our 
planetary sys s origin, and its evolution. 
Solar system 1 .es are divided into three dis- 
tinct classes; the primitive bodies (comets and 
asteroids), the outer (gas giant! planets, and the 
inner (terrestrial) planets. Each class occupies 
a unique position in the history of the solar sys- 
tem, and each 1$ the target of a major mission 
in this initiative, which includes a comet ren- 
dezvous (the Comer. Rendezvous Asteroid Flyby 

'll ' “ 


an ambitious program lor me exploration oi war: 
which will culn mate in a sample return mis- 
sion. and the Europeans have set a long-term 
goal of retu. ung a sample from a comet. 
Although currently scheduled U.S. mission,,; 
will ensure that the United States will remain a 
leader in certain areas of solar system explora- 
tion through 1995. the position of the United 
States beyond 1995 is in question. This im.So- 
t i ve wou Id main ta i n U . S . leadersh i p in explora- 
tion of the outer planets, and would regain and 





Strategy and Scenario 

This initiative is based on the balanced strategy 
developed by the Solar System Exploration 
Committee of the NASA Advisory Council and 
elucidated in its two reports (cited previously) 
describing a Core Program and an Augmented 
Program for planetary exploration. The missions 
include: 

1. The Cornel Rendezvous Asteroid 
Flyby (CRAF) mission would investi- 
gate the beginni ngs of our solar system, 
studying a Main Belt asteroid and a 
comet, which represent the best- 
preserved samples of the early solar sys- 
tem. Because of their primordial nature, 
comets can provide critical clues about 
the processes that led to the origin and 
evolution of our solar system. 

Hie CFL 1 F mission scenario is shown in 
Figure 6. After a 1993 launch and a 
six-month cruise, the spacecraft would 
fly past the asteroid Hestia at an altitude 
of about 10,900 kilometers. CRAF's 
visual and infrared asteroid imaging sys- 
tems would conduct investigations of 
Hestia’s surface composition and struc- 
ture. CRAF would then continue its 
journey for a rendezvous with a periodic 
comet, Tempel 2. The spacecraft would 
maneuver to within 25 kilometers of the 
comet's nucleus and begin a series of 
observations, which includes shooting 
two penetrators into the nucleus itself for 
detailed in-silu measurements. The 
spacecraft would fly in close formation 
with the comet until it nears the Sun and 
becomes active; then the spacecraft 
would maneuver farther away to observe 
the comet’s coma and ta’’. 

2. The Cassini mission would explore 
Saturn and its largest moon. Titan. The 
giant outer planets offer us an opportu- 
nity to address key questions about their 
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Figure 6. 

The Coma Rendezvous Asteroid Flyby Mission 



Figure 7. 

The Cassini Mission 


internal structures and compositions 
through detailed studies of their atmos- 
pheres. Titan is an especially interest- 
ing target for exploration because the 
organic chemistry now taking place 
there provides the only planetary-scale 
laboratory for studying processes that 
may *' ^ve been important in the pre- 
biotic terrestrial atmosphere. 
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F%are 8. 

The Men Roevri Sample Return Mission 


The Cassini mission proposed in this 
initiative would bt. a considerably 
expanded version of the Cassini mission 
considered by the Solar System Explora- 
tion Committee. (Figure 7 shows the 
scenario for the baseline version of 
Cassini . ) This expanded mission would 
be launched in 1998 for the long inter- 
planetary voyage to arrive at Saturn in 
2005 with a lull array of investigative 
instruments. An orbital spacecraft and 
three probes would conduct a com- 
prehensive three-year study of the 
planet am! its rings, satellites, and mag- 
netosphere. One atmospheric probe 
would be launched toward Titan. The 
expanded Cassini mission would also 
cany one probe to investigate the Satur- 
nian atmosphere, and one semi-soft 
lander which would reach the surface of 
Titan. 

3. The Mars Rover/Sample Return mis- 
sions would, in journeys covering hun- 
dreds of millions of miles, gather sam- 
ples of Mars and bring them back to 
Earth. Because of its relevance »o un- 
derstanding Earth and other terrestrial 
planets, and because it is the only other 
potentially habitable planet in our solar 
system. Mars is an intriguing target for 
exploration. 

The Mars Rover! Sample Return mission 
scenario is shown in Figure 8. It would 
involve a soft landing on the Martian 
surface, deployment of a “smart” sur- 
face rover to select and collect samples, 
delivery of the samples to an ascent ve- 
hicle, and t ansferof the samples from 
Mars orbit to a return vehicle. The sam- 
ples would then most likely be returned 
to a sample handling module on the 
Space Station for analysis. 

The initiative would include three such 
missions: two launched in 1996, proba- 


bly sending redundant rovers and ascent 
vehicles to ensure return of a sample in 
1999. and one launched in 1998/99 with 
return in 2001. 


As it is defined, this in. native places a premium 
on advanced technology and enhanced launch 
capabilities to maximize the scientific return. It 
requires aerobraking technology for aerocapture 
and aeromaneuvering at Mars, and a high level 
of sophistication in automation, robotics, and 
sampling techniques. Advanced sampling 
methods are necessary to ensure that geologi- 
cally and chemically varied and interesting 
samples are collected for analysis. 

The Solar System Exploration initiative signifi- 
cantly benefits from improved launch capability 
in terms of the science returned from both the 
Mars and the Cassini missions. In fact, it is a 
heavy-lift launch vehicle that enables the full 
complement of three different probes to be 
carried in the expanded Cassini mission. 

The Space Shuttle is not required for any of the 
missions in the initiative. The Space Station 


Technology, Transportation, 
and Orbital Facilities 
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would not be needed until 1909 . when an iso- 
lation module maybe used to receive the Mar- 
tian. .samples. 

Summary 

This initiative adapts the brmd strategy devised 
by the Solar System Exploration Committee for 
a balanced, systematic program of solar system 
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iTempe! 2!., an outer planet (SaturaL and an 


each of the three distinct classes of solar system 
bwxlies in exquisite detail. Use t'.S. would take 
a bold step forward in the exploration <»f Mars 
a ik! we would continue our leadership m explo- 
ration of the outer solar system. The scientific 
return over the next two decades would comple- 
ment the outstanding solar system exploration 
program of the 1960s and 1970s and would offier 
additional insights into the evolution. .of our 





gen for propellant and life-suppon systems, and 
a source of material for shelters and facilities. 

The Moon’s unique environment provides the 
opportunity for significant scientific advances: 
the prospect for gains in lunar and planetary sci- 
ence is abundantly clear. Additionally, since 
the Moon is seismically stable and has no atmos- 
phere. and since its far side is shielded from the 
radio noise from Earth, it is a very attractive spot 
for experiments and observations in astro- 
physics, gravity wave physics, and neutrino 
physics, to name a lew. It is also an excellent 
location for mater .als science and life science 
research because of its low gravitational field 
(one-sixth of Earth's). 


members would stay on the surface for one to two 
weeks, setting up scientific instruments, a lunar 
oxygen pilot plant, and the modules and equip- 
ment necessary to begin building a habitable 
outpost. The crew would return to the orbiting 
transfer vehicle for transportation back to the 
Space Station. 

Over the first few flights, the early outpost would 
grow to include a habitation area, a research 
facility, a rover, some small machinery to move 
lunar soil, and a pilot plant to demonstrate the 
extraction of lunar oxygen. By 2001, a crew 
could stay the entire lunar night(l4 Earth days), 
and by 2005 the outpost would support five 
people for several weeks at a time. 


Strategy and Scenario 

This initiative proposes the gradual, three- 
phase evolution of our ability to live and work 
on the lunar surface. 

Phase /: Search for a Site ( 1990s) 

The initial phase would focus on robotic explo- 
ration of the Mow. It would begin with the 
launching of the Lunar Geoscience Observer , 
which will map the surface, perform geochem- 
ical studies, and search for water at the poles. 
Depending on the discoveries of the Observer, 
robotic landers and rovers may be sent to the 
surface to obtain more information. Mapping 
and remote sensing would characterize the lunar 
surface and identify appropriate sites for the 
outpost. The discovery of water or other volati les 
would be extremely significant, and would have 
important implications for the location of a 
habitable outpost. 

Phase II: Return to the Moon (2000-2005) 
Phase II begins with the return of astronauts to 
die lunar surface. (The scenario is sketched in 
Figure 9.) The initiative proposes that a crew 
be transported from the Space Station to lunar 
orbit in a module propelled by a lunar transfer 
vehicle. The crew and equipment would land in 
vehicles derived from the transfer vehicle. Crew 


Phase IH: At Home on the Moon 
(2005-2010) 

Phase III evolves directly from Phase II. as sci- 
entific and technological capabilities allow the 
outpost to expand to a permanently occupied 
base. The base would have closed-loop life- 
support systems and an operational lunar oxy- 
gen plant, and would be involved in frondine 
scientific research and technology develop- 
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Figure 9. 

Return to the Lunar Surface: 
Piloted Sortie, Expendable Lander 
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menu The program also requires the mobiliza- 
tion of disciplines not previously required in the 
space Drognun: surface construction and trans- 
portation. mining, and materials processing. 

By 2010, up to 30 people would be productively 
living and working on the lunar surface for 
months at a time. Lunar oxygen will be available 
for use at the outpost and possibly for propellant 
for further exploration. 

Technology, Transportation, 
and Orbital Fadfitaes 

This initiative envisions frequent trips to the 
Moon after the year 2000 — trips that wc old re- 
quire a significam investment in technology and 
in transportation and orbital facilities in the 
early 1990s. 

The critical technologies for this initiative are 
those which would make human presence on the 
Moon meaningful and productive. They include 
fife-support system technologies to create a 
habitable outpost; automation and expert sys- 
tems and surface power technologies to make 
the outpost functional and its inhabitants pro- 
ductive; and lunar mining and processing 
technologies to enable the prospecting for lunar 
resources. 

The transportation system must be capable of 
regularly transporting die elements of the lunar 
outpost, the fuel for the voyage, and the lunar 
crew to low-Earth orbit. This requires a heavy- 
lift launch vehicle and a healthy Space shuttle 
fleet. The transfer of both cargo and crew from 
the Space Station to lunar orbit requires the de- 
velopment of a reusable space transfer vehicle. 
This and a heavy-lift launch vehicle will be the 
workhorses cf the Lunar initiative. 

The Space Station is an essential part of this in- 
itiative. As the lunar outpost evolves, the Space 
Station would become its operational hub in low- 
Earth orbit. Supplies, equipment, and propel- 
lants would be marshalled at the Station for 


transit to the Moon. It is therefore required that 
the Space Station evolve to include spaceport 
facilities. 

In the 1990s, the Phase 1 Space Station would 
be used as a technology and systems test bed for 
developing closed-loop life-support systems, 
automation and robotics, and the expert systems 
required for the lunar outpost. The outpost 
would, in fact, rely on the Space Station for 
many of its systems and subsystems, including 
lunar habitation modules which would be 
derivatives of the Space Station habitation/ 
laboratory modules. 


This initiative represents a conceptual leap out- 
ward from Earth. The challenge is to tame and 
harness the space frontier— to go beyond Apollo. 
and explore the Moon for what it can tell us. and 

what it can offer us, as a research and develoo- 

• 

ment center and as a resource in itself. Explor- 
ing, prospecting, and settling are parts of our 
heritage and will most assuredly be parts of our 
future. 




HUMANS TO MARS 

This bold initiative is committed to the human 
exploration, and eventual habitation, of Mars. 
Robotic exploration of the planet would be the 
first phase and would include the return of sam- 
ples of Martian rocks a nd soil. Early in the 21st 
Century, Americans would land on the surface 
of Mars; within a decade of these first piloted 
landings, this initiative would advance human 
presence to an outpost on Mars. 



ing ot the solar system, and would push the. 
frontier of human presence ever further beyond 
the confines of Earth. 

The United States has also led the wav :r. :hr 
robotic exploration of Mars. The last visitor »o 
•eat p are* .*» - extreme s . * f r.g 

spacecraft, which landed on the Martian surface 
in 1976. and transmitted data to Earth until late 
in 1982. During the coming-decade, humanity 
will learn more about Mars, but it will largely 
be the result of ambitious Soviet, no? American, 
programs. Our single mission to Mars, the Mars 
Observer, to be launched in 1992, is a small 
spacecraft which will perform an ..important 
geochemical characterization of Mars while in 
orbit around the planet. Meanwhile, the Soviets 
have announced three separate missions to Mars 
before 1995. and the possibility of a sample re- 
turn mission in the late 1990s. 


This leadership initiative declares America's in- 
tention to continue exploring Mars, and to do so 
not only with spacecraft and rovers, but also 
with humans. It would clearly rekindle the na- 
tional pride and prestige enjoyed by the ITS. 
during the Apollo era. Humans to Mars would be 
a great national adventure; as such, it would re- 
quire a concentrated massive national commit- 






menl - a commitment to a goal and its support- 
ing science. technology, and infrastructure for 
many decades. 

Strategy and Scenario 
This initiative would: 

1 . Carry out comprehensive robotic explo- 
ration of Mars in the 1990s. The robotic 
missions would begin with the Mars 
Observer , include an additional Observer 
mission, and culminate in a pair of Mars 
Rover/ Sample Return missions. These 
missions would perform geochemical 
characterization of the planet, and com- 
plete global mapping and support land- 
ing site selection and certification. 

2. Establish an aggressive Space Station 
life sciences research program to vali- 
date the feasibility of long-duration 
spaceflight. This program wvuid develop 
an understanding of the physiological 
effects of long-duration flights, of mea- 
sures to counteract those effects, and of 
medical techniques and equipment for 
use on such flights. An important result 
would be the determination of whether 
eventual Mars transport vehicles must 
provide artificial gravity. 

3. Design, prepare for, and perform three 
fast piloted round-trip missions to Mars. 
These flights would enable the commit- 
ment, by 2010, to an outpost on Mars. 

The Mars missions described in this initiative 
are one-year, round-trip “sprints,” with as- 
tronauts exploring the Martian surface for two 
weeks before returning to Earth. The chosen 
scenario significantly reduces the amount of 
mass which must be launched into low-Earth 
orbit, and by doing so brings a one-year round 
trip into the realm of feasibility. This is ac- 
complished by splitting the mission into two 
separate parts — a cargo vehicle and a personnel 
transport- and judiciously choosing the launch 
date for each. 


The Mare cargo vehicle minimizes its propellant 
requirements by taking a slow, low-energy trip 
to Mare. The vehicle would be assembled in low- 
Earth orbit and launched for Mars well ahead of 
the pereonne- transport, and would carry every- 
thing to be delivered to the surface of Mare plus 
the fuel required for the crew's trip back to Earth 
(Figure 10). 

The personnel transport would be assembled 
and fueled in low-Earth orbit, and would leave 
for Mars only after the cargo vehicle had arrived 
in Mars orbit. It would carry a crew of six astro- 
nauts. crew support equipment, and propellant 
for the outbound portion of the trip t Figure 1 1 1. 
Once in Mars orbit, it would rendez' ous with the 
cargo vehicle, refuel, and prepare for descent to 
the surface. The landing party woul a spend 10 
to 20 days on the Martian surface, and then re- 
rendezvous with the personnel transport for the 
trip back to Earth orbit (Figure 12). Recovery 
in Earth orbit would return the crew to a Space 
Station rehabilitation facility (Figure 13). The 
round-trip time for this scenario is approxi- 
mately one year. 



Figure 10. 

Piloted Mare Sprint Scenario— Split Mission Option: 
Earth-Orbital Cargo Flight Operations 
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Figure 11. 

Piloted Mars Sprint Scenario — Split Mission Option: 
Earth-Orbital Piloted Flight Operations 


The initiative proposes three of these sprint mis- 
sions, the third around the year 2010. By the 
second decade of the 21st Century, the U.S. 
would have the knowledge, the experience, and 
the technology base to begin developing an out- 
post on Mars. 

Technology, Transportation, 
and Orbital Facilities 

A significant, long-term commitment to de- 
veloping several critical technologies and to 
establishing the substantial transportation 
capabilities and orbital facilities is essential to 
the success of the Mars initiative. The Mars ex- 
peditions require the development of a number 
of technologies, including aerobraking (which 
significantly reduces the amount of mass which 
must be lifted to low-Earth orbit), efficient in- 
terplanetary propulsion, automation and robot- 
ics, storage and transfer of cryogenics in space, 
fault-tolerant systems, and advanced medical 
technology. Technology development must be 
initiated immediately to support the timetable of 
this scenario. 


Even with separate cargo and personnel vehi- 
cles, and technological advances such as aero- 
braking, each of these sprint missions requires 
that approximately 2.5 million pounds be lifted 
to low-Earth orbit. (In comparison, the Phase 1 
Space Station is projected to weigh approxi- 
mately 0.5 million pounds.) It is clear that a 
robust, efficient transportation system, includ- 
ing a heavv-lift launch vehicle, is required. The 
complement of launch vehicles must be able to 
lift the cargo and personnel required by the 
sprint missions to the Space Station in a reason- 
able period of time. Like the outpost on the 
Moon, this initiative requires a substantial in- 
vestment in launch systems, for transport of both 
cargo and crew. 



Figure 12. 

Piloted Mars Sprint Scenario — Split Mission Option: 
Mars-Orbital/Surface Operations 


The Phase 1 Space Station is a crucial part of 
this initiative. In the 1990s, it must support the 
critical life sciences research and medical 
technique development. It will also be the 
technology test bed for life-support systems, au- 
tomation and robotics, and expert systems. 

Furthermore, we must develop facilities in low- 
Earth orbit to store large quantities of propel- 
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lant, and to assemble large vehicles. The Space 
Station would have to evolve in a way that would 
meet these needs. 

Summary 

This initiative would send representatives of our 
plane* to Mars during the first decade of the 2 1st 
Century. These emissaries would begin a phase 
of human exploration and reconnaissance that 
would eventually lead to the establishment of a 
permanent human presence on another world. 

A successful Mars initiative would recapture the 
high ground of world space leadership and 
would provide an exciting focus for creativity, 
motivation, and pride of the American people. 
The challenge is compelling, and it is 
enormous. 



Figure 13. 

Piloted Mars Sprint Scenario— Split Mission Option: 
Earth Recovery Operations 
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PROGRAMMATIC ASSESSMENT 

E ach of the initiatives described in the previous section is a worth- 
while program. Although each has something different to offer, each 
falls within the framework of NASA’s vision, each builds on and extends 
existing capabilities, and each elicits the reaction, “America ought to 
be doing this.” In the absence of fiscal and resource constraints, the 
United States would undoubtedly adopt all four. In the presence of those 
very real constraints, and the additional constraints imposed by the current 
state of our civilian space program, this course of action is not possible. 

In its desire to revitalize the civilian space program, NASA must avoid 
the trap identified by the Rogers Commission during its investigation of 
the Challenger accident: “The attitude that enabled the agency to put 
men on the moon and to build the Space Shuttle will not allow it to pass 
up an exciting challenge - even though accepting the challenge may 
drain resources from the more mundane (but necessary) aspects of the 
program.” The Commission fuither observed (in reference to the Shuttle 
flight rates): “NASA must establish a realistic level of expectation, then 
approach it carefully.” 

To establish a realistic level of expectation, NASA must consider the cur- 
rent condition of the space program, its strengths and limitations, and 
its capabilities for growth. Any bold initiative has to begin with and then 
build on today’s space program, which unfortunately lacks some funda- 
mental capabilities. For example, our most critical commodity, Earth-to- 
orbit transportation, is essential to each of the initiatives. But the Space 
Shuttle is grounded until at least June of 1988, and when it does return 
to flight status, the flight rate will be considerably lower than that pro- 
jected before the Challenger accident (a four-Shuttle fleet is estimated 
10 be capable of 12 to 14 flights per year). 




In hindsight, it is easy to recognize that it was 
a crippling mistake to decree that the Space 
Shuttle would be this country’s only launch 
vehicle. Several studies since the Challenger 
accident have recommended that the civilian 
space program include expendables in its fleet 
cflauncti vehicles. This strategy relieves some 
of the burden from the Shuttle, gives the country 
a broader, more flexible launch capability, and 
makes the space program less vulnerable in the 
event of an accident. 


The problem of limited launch capability or 
availability will be magnified during the assem- 
bly and operation of the Space Station. Cur- 
rently, NASA plans to use only the Space Shut- 
tle to transport cargo and people to and from the 
Space Station. This places a heavy demand on 
the Shuttle (six to eight flights per year), but 
more important, it makes the Space Station ab- 
solutely dependent on the Shuttle. If Shuttle 
launches should be interrupted again in the 
mid-1990s, this nation must still have access to 


TRANSPORTATION REQUIREMENTS 


NASA transportation needs for the 1990s and 
beyond received considerable attention from 
the task group and committees examining 
agency goals and future program thrusts. The 
consensus of their findings is that if the 
Nation is to open a “Highway to Space.” we 
must regain regular and assured access to 
space and expand launch capacity based on 
expendable and reusable vehicles. 

“NASA shouid, on a most urgent basis, in- 
itiate a program to incorporate a diversified 
family of expendable launchers into its space 
flight program, to include a heavy-lift ELV. 
Payloads should be off-loaded from shuttle 
onto ELV s wherever possible. ” Report of the 
Task Force on Issues cf a Mixed Fleet, 1987 

“The U.S. should continue to expand its 
launch capacity based on a mixed fleet of ex- 
pendable and reusable launch vehicles to 
preclude total reliance on any one launch sys- 
tem, so that the present manned and unmanned 
launchers will remain operationally healthy 
until the next generation of vehicles is fully 
developed.” US. Civil Space Program : An 
AIAA Assessment, 1987 


“The use of a mixed launch fleet will allow 
humans to fly when they are needed on a mis- 
sion and allow unmanned vehicles to be the 
carrier of choice for other missions... Diver- 
sity will also allow a better matching of the 
scientific requirements of a mission with the 
launch capability needed to meet those re- 
quirements, rather than forcing the mission to 
meet the constraints of a single inflexible 
launch system.” The Crisis in Space and 
Earth Science, 1986 

“The shuttle fleet will become obsolescent by 
the turn of the century. Reliable, economical 
launch vehicles will be needed to provide 
flexible, routine access to orbit for cargo and 
passengers at reduced costs ... to reduce 
space operation costs as soon as possible, the 
O emission recommends that three major 
space transport needs be met in the next 
15 years: cargo transport to low Earth 
orbit; passenger transport to and from low 
Earth orbit; and round-trip transfer beyond 
low Earth orbit.” Pioneering the Space 
Frontier, 1986 


38 






space and the means to transport cargo and 
people to and from the Space Station. The im- 
portance of this capability was emphasized by 
the National Commission on Space in its report. 
Pioneering the Space Frontier. “Above all, it is 
imperative that the US maintain a continuous 
ability to put both humans and cargo into 
orbit.” 

From now until the mia- 1990s, Earth- to- 
orbit transportation is NASA's most press* 
ing problem. A space program that can't get to 
orbit has all the effectiveness of a navy that can’t 
get to the sea. America must develop a cadre of 
launch vehicles that can first meet the near-term 
commitments of the civilian space program and 
then grow to support projected programs or in- 
itiatives. 

Expendable launch vehicles should be provided 
for payloads which are not unique to the Space 
Shutde - this is required just to implement current 
plans and to satisfy fundamental requirements. 

A Shuttle-derived cargo vehicle should be de- 
veloped immediately. A Shuttle-derived vehicle 
is attractive because of its lift capacity, its 
synergism with the Space Transportation Sys- 
tem, and its potential to be available for service 
in the early 1990s. This cargo vehicle would re- 
duce the payload requirements on the Shuttle for 
Space Station support and would accelerate the 
Space Si: lion assembly sequence. 

Th r • nited States should also seriously consider 
tin advisability of a crew-rated expendable to 
lift a crew capsule or a logistics capsule to the 
Space Station. The logistics vehicle, for Space 
Station resupply and/or instrument return, 
would be developed with autodocking and pre- 
cision reentry capabilities. The crew capsule 
would carry only crew members and supplies, 
would launch (with or without a crew) on the ex- 
pendable vehicle, would have autodocking capa- 
bility, and might also be used for crew rescue. 


TECHNOLOGY i 

i 

i 

Rebuilding the Nation’s technology base is 
essential for the successful achievement of 
any long-term space goal. It is widely agreed 
i that we are living off the interest of th e Apollo 
j era technology investment, and that it is time j 
} to replenish our technology reservoir in order ! 
i to enhance our range of technical options. | 

“The Nation has allowed its technology base j 
I to erode, leaving it with little capability to j 
l move out in new directions should the need 
arise.” Letter from Daniel J. Fink (Chairman, 
NASA Advisory Council) to James Fietcher, 
dated August 14, 1986 

“Space technology advancement underlies 
any comprehensive future space activity. The 
present course is a status-quo caretaker path 
with no potential growth. New commitments 
are called for in key technologies such as 
propulsion, automation and robotics, flight 
computers, information systems, sensors, 
power generation, materials, structures, life 
support systems, and space processing. We 
support the recommendation by the National 
Commission on Space for a three-fold in- 
crease in this relatively low-budget but ex- 

* ° 1 
tremely important area of space technology 

advancement, especially in view of strong 
foreign commitments to such technology de- 
velopment.’’ U.S. Civil Space Program: An 
AlAA Assessment, 1987 

“Research must be pursued on a broad front, 
to identify and quantify technical possibili- 
ties before their usefulness can be judged. 
Such a research and technology program is 
therefore properly conceived as opportunity 
generating, not directed toward applica- 
tions.” Pioneering the Space Frontier, 1986 
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PATHFINDER 


These transfjortation capabilities are required 
just to launch, assemble, operate, and safely in- 
habit the Space Station, and to have some pros- 
pect of being able to support future initiatives. 


Without sound, reliable Earth-to-orbit transpor- 
tation available to lift sensors, spacecraft, 
scientists, and explorers to orbit, we will not be 
in a position to aggressively pursue either science 
or exploration. We have stated that transporta- 
tion is not our goal - but it is essential to the suc- 
cessful pursuit of whatever goals we choose. If 
we do not make a commitment now to rebuild 
and broaden our launch capability, we will not 
have the option of pursuin . any of the four in- 
itiatives described in the previous seciion. 

The same can be said for advanced technology”. 
The National Commission on Space observed 
that “NASA is still IHng on the investment 
made [during the Apelh era}, but cannot con- 
tinue to do so if we are to maintain United States 
leadership in space.” Several recent studies 
concur, concluding that our technology base has 



eroded and technological research and develop- 
ment are underfunded. The technology required 
for bold ventures beyond Earth's orbit has not vet 
been developed, and until it is, human exploration 
of the inner solar system will have to wait. 


Project Pathfinder has been developed by 
NASA’s Office of Aeronautics and Space 
Technology iri conjunction with experts on the 
Lunar and Mars initiatives, Pathfinder way Id 
provide the technologies to enable bold missions 
beyond Earth's orbit: technology for autonomous 
systems and robotics, for lunar and planetary 
advanced propulsion systems, and for extraction 
of useful materials from lunar or planetary 
sources. It also deals in a significant way with 
the human ability to li ve and work in space, by 
developing technologies for life-support systems 
and the human/machine interface. Until ad- 
vanced technology progr.. -s like Project 
Pathfinder are initiated, the exeifin t A of 
human exploration will always remain 10 to 20 
years in the future. 

Life sciences research is also critical to any pro- 
grams involving relatively long periods of 
human habitation in space. Because the focus 
of our life sciences research for the last several 
years has been on Space Shuttle flights, which 
only last for five to ten days, there has been no 
immediate need for a program to rudv 'he 
physiological problems associated with longer 
flights. Without an understanding of the long- 
term effects of weightlessness on the human 
body, our goal of human exploration of the solar 
system is severely constrained. 

Before astronauts are sent into space for long 
periods, research must be done to urn’ ‘rsiand 
the physiological effects of the micrograv ity and 
radiation environments, to develop measures to 
counteract any adverse effects, and to develop 
medical techniques to perform routine and 
emergency health care aboard spacecraft. 

Project Pacer, developed by NASA’s Office of 




Space Science and Applications, is a focused 
program designed to develop that understanding 
and provide the physiological and medical 
foundation for extended spaceflight. This re- 
search would be conducted in laboratories and 
on Space Shuttle missions in preparation for the 
critical long-term experiments to be conducted 
o*i the S^ace Station. 

J'.itii the Space Station is occupied, and actual 


long-duration testing is begun, we will lack the 
knowledge necessary to design and conduct 
piloted interplanetary flights or to inhabit lower- 
gravity surface bases. Although the research 
conducted prior to the occupation of Space Sta- 
tion cannot provide definitive answers to several 
key questions, it is an essential precursor to the 
research and technology development on the 
Space Station. 


LIFE SCIENCES RESEARCH 


! The prospect of an extended human presence 
in space on the Space Station and later on ex- 
j tended missions to the Moon or Mars requires 

> a commitment to better understand and re- 
j spond to biomedical, psychological, and 
human engineering challenges. Although 
I there is great confidence that we will eventu- 
ally establish a presence on other bodies in 
the solar system, there remains uncertainty in 
the medical community about the implica- 
tions of such joumevs for human health, 
safety, and productivity. A number of recent 
studies highlight concerns and identify areas 
requiring additional research. 

“Space medicine is unique in the context of 
the other space sciences — primarily because, 
in addition to questions of fundamental in- 
terest, there is a need to address those issues 
that are more of a clinical or human health 
and safety nature ... if this country is commit- 
ted to a future of humans in space, particu- 
larly for long periods of time, it is essentia! 
that the vast number of uncertainties about 
the effects of microgravity on humans and 
other living organisms be recognized and vig- 
orously addressed. Not to do so would be im- 
prudent at best— quite possibly, irresponsi- 
ble.”/! Strategy for Space Biology and. Med- 
ical Science , 1987 


“Many crucial issues in the three major areas 
of health, life support, and operational 
capabilities remain to be resolved before the 
safety of humans working in space over 
months and years can be assured. Certain as- 
pects of physiological adaptation to micro- 
gravity may be life-threatening, especially 
over the long-term . . . Areas such as medical 
care, radiation protection, environmental 
maintenance, and human productivity are 
equally serious, but the research and de- 
velopment activities associated with these 
areas have at least begun on a modest scale. 
To neglect any of these areas could prove 
risky, and parallel research activities are re- 
commended.” Advanced Missions u/ith Hu- 
mans in Space, 1987 

“Of paramount practical importance are 
human safety and performance. Long-dura- 
tion flights on the Space Station will increase 
our understanding of the effects of the space 
environment on people and other living sys- 
tems. Problems of bone demineralization and 



pirical solutions are unlikely to be found soon ; 
... It is imperative that basic research on this 
problem continue, both on the ground and in 
space.” Pioneering the Space Frontier, 1986 



Both technology development and life 
sciences research are pacing elements in 
hvuian exploration. 

The four initiatives represent widely varying 
levels of complexity and commitment. As part 
of the development and evaluation of the initia- 
tives. an assessment was performed to estimate 
their relative complexities and therefore their 
relative impacts on the agency and its resources. 
The initiatives, and results from related studies, 
were reviewed to identify the required technol- 
ogy. transportation, on-orbit facilities, and 
precursor science. This assessment yielded the 
elements comprising each initiative - the build- 
ing blocks of that initiative. 

The assessment sought to define the initiatives 
to a reasonable level of detail through 2010. At 
this time, the initiatives would be in different 
stages of development. All Earth observing plat- 
forms would be in space with their observing 
systems operating; they would be serviced 
periodically, and would continue to transmit 
data to Earth for years. The final mission of the 
Planetary initiative would be complete: this in- 
itiative is not defined past 2010. The Lunar out- 
post would be well established, with mo*: sur- 
face elements developed and delivered; it would 
rect • ve continuing logistics support, but would 
be somewhat self sustaining, and have consid- 
erable potential for growth and for support of 
further exploration activities. In 2010, the na- 
tion's Mors program would have just finished its 
human reconnaissance phase, and would be 
prepared to embark an the establishment of an 
outpost. 

To provide a common starting point for each in- 
itiative, this analysis assumed the currently 
planned NASA space prog. unasa foundation. 
That is, each initiative must be built from the 
foundation of a fleet cf four Space Shuttles and 
a Phase 1 Space Station; everything else that 
would have to be added to accomplish the initia- 
tive, including additional Space Station mod- 


ules. new transportation elements, unscheduled 
precursor science missions, etc. . was assumed 
to be part of that initiative. 

Some of the elements of each initiative would be 
developed solely for that initiative; many others 
could be common to other intitiatives as well. 
An example of the former is the lunar oxygen 
plant designed to extract oxygen from the lunar 
soil. Although similar technologies might even- 
tually be needed at a Mars outpost, the element 
itself exists only in the Lunar initiative. An 
example of an element which could be common 
to several programs is the space transfer vehicle 
of the Earth initiative. Although it would lift 
geostationary platforms from the Space Station 
to their final orbit, this vehicle could also be 
used to deliver other cargo (unrelated to the 
Earth initiative) to geosynchronous orbit, or it 
could be the basis of a lunar transfer vehicle. 
Each initiative has elements which ccald be 
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common lo other programs, as well as initiative- quency of use. But each of the initiatives re- 
specific elements. quires an Earth-lo-orbit transportation system 


, . - , . comprised of more than just a Space Shuttle 

An overview ot the transportation dements re- 1 r 

qyiretl for tire initiatives is shown in Table 1. 

The Earth and Planetary initiatives make the A heavy-lift launch vehicle is either enabling, 

most modest demands on transportation, in or significantly enhancing, to all the initiatives, 

terms of both essential new capabilities and ire- A Shuttle-derived vehicle would have sufficient 









capacity for the Earth and Planetary initiatives. 
It would also satisfy the requirements of the 
Mars and Lunar initiatives through the 1990s. 
although shortly after the turn of the century 
both would need a vehicle with a lift capacity of 
150.000 to 200.000 pounds. This higher lift 
capacity is needed primarily to supply the large 
amounts of propellant required for each initia- 
tive (about 2.2 million pounds to low-Earth orbit 
for each Mars sprint mission: 200,000 pounds 
to low-Earth orbit for each lunar trek). 

The Lunar and Mors initiatives also have a crit- 
ical need for the capability to transport person- 
nel to and from the Space Station. This need 
could be filled by a personnel module added to 
the Shuttle, or by some other personnel carrier. 
The additional crew members would perform on- 
orbit assembly of the cargo and crew vehicles. 
Although there is currently no good estimate of 
the size of the crew required to assemble and test 
a vehicle in orbit, it is likely that the Lunar in- 
itiative, if it develops as projected in Phase III. 
would require more than 30 people in low-Earth 
orbit by the year 2010. It builds to this peak 
gradually, though, and the early assembly re- 
quirements (2000 to 2005) car. be phased in 
slowly. 

All the initiatives have other needs as well. The 
Planetary initiative's needs are limited to ex- 
pendable stages, and possibly an Orbital Man- 
euvering Vehicle for the recovery of a returned 
Mars sample. The Earth initiative makes more 
substantial use of Earth-orbital transportation, 
including a transfer vehicle to lift fully assem- 
bled observing platforms from the Space Station 
to geosynchronous orbit, and sophisticated Or- 
bital Maneuvering Vehicles to aid in platform 
servicing. The Lunar and Mars initiatives are 
more demanding. Both are likely to require Or- 
bital Maneuvering Vehicles to transport person- 
nel from the Space Station to orbital assembly 
sites. Most significant, both require substantial 
space transfer vehicles to transport crews from 


low-Earth orbit to either the Moon or Mars. Al- 
though the lunar transfer vehicle could be a de- 
rivative of a transfer vehicle to geosynchronous 
orbit (or vice versa), at this time it appears that 
the Mars transfer vehicle will demand a different 
design. 

The orbital facilities required for each initiative 
are shown in Table 2. The Planetary initiative 
has limited requirements in this area; the other 
three have extensive needs that begin with the 
Phase I Space Station. The Phase 1 Space Sta- 
tion includes polar platforms and attached 
payloads for the Earth initiative; it serv es as a 
technology and systems test bed for the Lunar 
initiative: and it will be a crucial laboratory for 
life sciences research and technology’ develop- 
ment for the Mars initiative. 
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All the initiatives require that the Space Station 
evolve additional capabilities, but the needs of 
the Planetary initiative ta sample return module) 
and the Earth initiative (servicing capability, 
operation of a space transfer vehicle) are rela- 
tively modest. The Lunar initiative requires 
gradual evolution to support the assembly, ser- 
vicing, and checkout of lunar transfer vehicles. 
This requires more people in orbit (and therefore 
more Space Station modules and logistics traf- 
fic), spaceport facilities, and a propellant depot. 
Tire Mars initiative also relies on those 
spaceport facilities and additional crew accom- 
modations, and although it will not occur quite 
as soon as in the Lunar initiative, the assembly 
of the large Mars cargo and piloted vehicles will 
be a significant task. 

The Lunar initiative includes significant surface 
facilities such as habitation modules, laboratory 
modules, and an oxygen plant: the Mars initia- 
tive looks toward an eventual outpost (after 
2015), but while similar surface facilities would 
be necessary at that time, they have not been in- 
cluded in the assessment to 2010. The Lunar 
and Mars initiatives both require landers, as- 
cent vehicles, and rovers. These would most 
likely use some common technologies and sub- 
systems, but they would not be identical. 

The initiatives also require investments in 
technology development, and investments in in- 
stitutional and human resources. This support 
early in the life of an initiative is vital to its suc- 
cess. The level of investment required is di- 
reedy proportional to the magnitude and com- 
plexity of the initiative. The Earth and Planetary 
initiatives would be expected to have relatively 
modest needs; the Lunar and Mars initiatives 
would demand substantial technology develop- 
ment programs, and significant increases in 
highly skilled personnel and institutional 
facilities. The need fora dedicated, enthusias- 
tic, and technically competent workforce must 
not be minimized; the Lunar and Mars initia- 


tives would b Jth require a significant increase 
in human rtr. ources. 

The current level of definition of the initiatives, 
particularly the Lunar and Mars initiatives, is 
not adequate to reasonably estimate their costs. 
But while it was not appropriate to attempt to de- 
termine the absolute level of resources required 
by each, it was reasonable to estimate the rela- 
tive levels through 2010. For each initiative, 
after the elements not included in current NASA 
plans were identified, the mass and size of each 
were estimated in order to determine the trans- 
portation requirements for that initiative. There 
was no attempt, at this early stage, to optimize 
the transportation system. 

Figure 14 compares the resources required by 
the four initiatives during the next five years. It 
is important to understand the level of effort 
needed to support a new initiative during this 
period, since .he country will also be relying on 
the civilian spi ce program to return the Shuttle 
to flight, to reiivigorate its transportation sys- 
tem, and to continue serious preparations for the 
Space Station. 

The Lunar. Earth, and Planetary initiatives 
would take about the same level of investment 
through 1992. The investment in the Lunar in- 
itiative would be primarily in technology and in 
early transportation development; in the Earth 
initiative, it would be largely in the development 
of the polar platforms, data handling system, 
and transportation; in the Planetary initiative, it 
would be primarily in technology, and in ready- 
ing the Comet Rendezvous Asteroid Flyby mis- 
sion for a 1993 launch. 

The Mars initiative requires the largest commit- 
ment in the early years. This would be primarily 
an investment in transportation elements and in 
life science related additions to the Space Sta- 
tion. Transportation and Space Station use have 
not been optimized, so some reduction might be 
possible. The menage, however, would not 
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change: ihe country would have to make a major 
investment in the next five years to land people 
on Mars in 2005. 

The complexity of both the Lunar and Mars in- 
itiatives in the year 2000 demands technology 
developments early in the program. Thus, 
through 1992 the majority of the Lunar initia- 
tive, and a significant portion of the Mars initia- 
tive. would be comprised of those technology ac- 
tivities which lay f '.e groundwork for the initia- 
tive. Like early work in transportation, there is 
considerable synergism in the early technology 
requirements of these two initiatives. 

Figure 15 compares the initiatives through 
2010. The Lunar and Mars initiatives are nearly 
an order of magnitude greater in programmatic 
scope than the Planetary and Earth initiatives. 
The levels of investment in the Earth and Plan- 


etary initiatives peak in the earfy-to-mid- 1990s. 
and then decrease to levels which remain fairly 
constant through the first decade of the next cen- 
tury. The Lunar initiative does not require ex- 
traordinary resources through 1992. but the 
commitment builds substantially in the mid- 
1990s. It peaks in about 2000. at the time of this 
initiative's first human landing, and stays high 
through 2010 as the outpost is developed into a 
permanent base. The total level of effort through 
2010 is large, and reflects the ambitious ap- 
proach to the construction of the lunar base. 
However, the nature of this initiative allows con- 
siderable flexibility. For example, the outpost 
materials could be delivered to the surface 
rapidly or at a more deliberate pace: certain 
capabilities of the outpost could be emphasized 
and developed before others; or the transition 
from a temporarily occupied outpost to a large 
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|termanciilly staffed base could licilelaywl. Any 
of these options would significantly reduce the 
inveslineut through 2010. 

Although the Mars initiative oilers the greatest 
amount of human and technological drama, it 
also demands the greatest investment. The Mars 
initiative definition included only those ele- 
ments required for the three sprint missions, the 
last in 20 1 0, so the level of investment shown 
is artificially low l>etwcen 2005 and 2010. The 
magnitude of the initiative indicates a large 
commitment of resources, and the timescale 
dictates that the investment peak in about 2000. 


It i> [wjssible to reduce the early investment to 
a .eve! comparable to that of the other three 
initiatives by allowing the first human landing 
to occur in 20 10. rather than in 2005. The 2005 
landing was selected at the outset to uchiev e the 
major milestone within two decades, but this 
analysis suggests that this ground rule may not 
be appropriate for the Mars initiative. 
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EVALUATION OF INITIATIVES 

T o this point, we have been considering four specific initiatives, each 
of which would, if adopted, provide leadership in a particular area 
of space endeavor. Now it is important to differentiate between an 
initiative and a strategy. A strategy provides an overall framework and 
direction; it identifies and prioritizes goals, and defines a course to attain 
them. An initiative should be an element of a strategy: a part, but only 
a part, of the larger picture. Initiatives would, of course, be best judged 
in the context of a strategy. 

A process to define and evaluate candidate strategies for the civilian 
space program is being developed at NASA. This process will seek to 
identify possible strategies, then assess the likelihood of success and 
possible implications of each. They will be evaluated in relation to the 
existing and projected environment, and to the various conditions which 
may influence their success, such as: 

• NASA's strengths, its weaknesses, and its culture 
• External threats to U.S. leadership 
• Opportunities to exercise leadership 

• Optimistic and pessimistic scenarios of uncontrollable factors 
which influence NASA and its ability to carry out its charter 
• The existing U.S. space policy 

A successful Mars Rover/Sample Return mission blasts off, carrying its 
cargo of Martian samples back to Earth. 




As potential strategies are modified in light of 
these factors, the result should he a set of two 
or three distinct, viable strategies whose 
resource requirements, threats to success, and 
implications to .NASA and the nation are well 
defined and understood. Although this process 
is being developed at NASA, it is not NASA's 
role to determine the overall strategy Ibr the 
nation's civilian space program: that must be a 
national decision. NASA should, however, be 
prepared to present viable options. The poten- 
tial benefit of this process is evident. It can re- 
sult in a cohesive strategy that is consistent with 
national goals, is based on a realistic appraisal 
of NASA's strengths and weaknesses and the na- 
tion's willingness to pursue it. and is resilient 
to changes in the international environment. 

Ideally, of course, a strategy would already be 
in place. Then each initiative could be judged 
in light of its compatibility with the overall plan. 

While stressing the need for a comprehensive 
strategy, we can nevertheless conduct a prelimi- 
nary assessment of the initiatives, recognizing 
that the important considerations are the quality 
of the program. NASA's ability to carry it out. 
and the public's willingness to support it. In the 
process of this evaluation, we can see the ele- 
ments ot a potential strategy begin to emerge. 


Exploration of 
the Solar System 

In the 1960s and 1970s. planetary exploration 
was a vital and important component of the 
United States space program. However, while 
other nations are now vigorously pursuing solar 
system exploration, the U.S. has launched no 
planetary missions since 1978. 

What does the next decade hold in store? The 
Soviets have announced their intent to launch 
three ambitious (lights to Mars by 1995. and a 
Mars sample return mission by 2000. If they are 
successful with their new-generation space- 
craft. and can continue lo forge cooperative ag- 
reements with European nations, they will 
clearly have the greater momentum in the ex- 
ploration of Mars by the mid-1990s. 

The Chairman of the NASA Advisory Council's 
Solar System Exploration Committee has ex- 
pressed his concern about more than the explo- 
ration of Mars: ‘‘If we do not continue to carry 
out these challenging missions to the outer plan- 
ets and comets and asteroids, we will quickly 
lose the limited momentum still remaining . ' 

The Solar System Exploration Committee li. s 
devised a strategy for planetary exploration 
through the year 2000. which presented “th 
minimum-level program that could be carried 
out in a cost-effective manner, and would yield 
continuing return of scientific results.” NASA 
should embrace this Core Program. 

The Mars Rover/Sample Return mission is the 
centerpiece of the Solar System Exploration 
Committee's recommended augmentation to its 
Core Program. This is a mission of bold scien- 
tific exploration and high technological drama, 
and a necessary precursor to the human explo- 
ration of Mars. The option for a 1998 launch (two 
years later than the 1996 date proposed in the 
initiative) should be preserved. 
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Although the Mars Ro er/Sumpie Return »va> 
presented us a U.S- mis mm in this initiative, it 
could l>e performed in cooperation with our al- 
lies am I/or in coordination with the Soviet 
Union. In fact, planetar) exploration is well 
suited to international cooperation. The U-S. 
could benefit significantly by coordinating its 
Mars Observer with the three sophisticated 
Soviet missions to he launched for Mars over the 
next seven years. Coordination ol these early 
flights, and exchange of resulting data, would 
leave the U-S. better prepared to undertake a 
Mars Rover! Sample Return mission, whether in 
coordination with the Soviets or alone. 

Planetary exploration need not be NASA's pri- 
mary' focus, but it offers opportunities to exer- 
cise leadership in the international arena 
through organizing and participating in coali- 
tions to achieve objectives which are consistent 
with U-S. goals, and it can provide important 
precursor information for either of the larger 
human exploration initiatives. 

Robotic planetary exploration should be actively 
supported and nurtured within NASA. Although 
it does not have the immediate relevance of the 
Mission to Planet Earth, or the excitement of 
human exploration, it is fundamental science that 
challenges our technology, extends our presence, 
and gi - es us a glimpse of other worlds. As such, 

•l enjoys widespread public interest and support. 
Although not necessarily at the puc" suggested in 
this initiative, planetary exploration must be sol- 
idly supported through the 1990s. 

Mission to Planet Earth 

Mission to Planet Earth is not the sort of major pre- 
gram the public normally associates with an 
agency famous for Apollo , Viking, and Voyager. 
But this initiative is a great one, not because it 
offers tremendous excitement and adventure, but 
because of its fundamental importance to human- 
ity's future on this planet. 


This initiative directly addresses the problems 
that will he facing humanity in the coming 
decades, and iu> continuous scientific return u ill 
produce results which are ol major significance to 
all the residents of the planet. The benefits are 
clear to a public that is increasingly concerned 
about global environmental problems like ozone 
depletion, buildup of greenhouse gases, and 
acidification of lakes and forests. Ami as the 
environment and its preservation become more 
pressing issues, the initiative retains its impor- 
tance for many generations to coine. 

For this reason it should enjoy sustained public 
and Congressional support and interest. The U.b. 
is the only country currently capable ofleading 
a Missioii to Planet Earth, but the program is 
designed around, and requires, international 
cooperation. Admittedly, the initiative s interna- 
tional scope could complicate its coordination and 
implementation, but the concept embodied in the 
initiative enjoys widespread international sup- 
port. As more and more countries are facing 
ecological problems, there is increasing interest in 
a global approach. In fact, this concept is sup- 
ported by several international organizations, and 
may emerge as a theme for the International Space 
Y ear. 1992. This initiative represents an impor- 
tant opportunity for the United States to exercise 
leadership in an increasingly significant area. 

As the Earth System Sciences Committee 
suggests, NASA is a natural leader for a Mission 
to Planet Earth. The National Science Foundation 
and the National Oceanic and Atmospheric Ad- 
ministration will play important roles, and intera- 
gency coordination is crucial. But since the major 
focus is on observations from space and the coor- 
dination and analysis of these (and ground-based) 
observations, NASA is uniquely suited to lead the 
effort. It is a natural use for, and extension of, our 
iow-Earth orbital facilities anil capabilities, and 
would not severely drain resources from existing 
programs. This is an initiative well within NASA’s 
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ia|Kibililies. ami could In- carried out with our 
traditional commitment to excellence. 

Should NASA do it? Virtually everyone exposed 
to this initiative recognized its fundamental im- 
portance. anil agreed that '‘whatever we do. we 
have to do this": but some felt it may not be bold 
and visionary enough to stimulate the increased 
funding necessary. The National Commission 
on Space conducted numerous public sessions 
on the space program, and solicited and re- 
leived comments from a wide cross-section of 
Americans. The Commission's report lists a 
series of points "brought forward repeatedly” in 
those public sessions. One of these was the con- 
cern that "any new push into space must supple- 
ment living on Earth Don't abandon our 

home planet!” 

Plans are already under way within NASA to 
undertake a subset of this program. The Earth 
Observing System, which consists of two NASA 
polar platforms, is being coordinated with the 
corresponding activities of the European Space 
Agency and Japan. The first NASA platform is 
part of the Phase 1 Space Station. The second 
platform, the instruments, and the payloads 
remain unapproved. And although the Earth 
Observing System would represent a major start, 
it is not sufficient to fulfill all the objectives of 
this initiative. Critical activities for the 
immediate future include the coordination of 
Federal agencies, and the strengthening of 
international agreements to facilitate the coordi- 
nation of this international effort. 

NASA should embrace Mission to Planet Earth. 
This initiative is responsive, time-critical, and 
shows a recognition of our responsibility to our 
home planet. Do we dare apply our capabilities 
to explore the mysteries of other worlds, and not 
also apply those capabilities to explore and un- 
derstand the mysteries of our own world - mys- 
teries which may have important implicaiions 
for our future on this planet? 


Humans to Mars 

Exploring, prospecting, and settling Mars are 
clearly the ultimate goals of the next several 
decades of human exploration. But what strat- 
egy should be followed to attain those goals? 

Any expedition to Mars is a huge undertaking, 
which requires a commitment of resources 
which must be sustained over decades. This 
task gtoup has examined only one possible 
scenario for a Mars initiative - a scenario 
designed to land In. mans on Mars by 2005. This 
timescale requires an early and significant 
investment in technology: it also demands a 
heavv-Iift launch vehicle, a larger Shuttle fleet. 
ar 4 d a transportation depot at the Space Station 
near the turn of the century. This w ould require 
an immediate commitment of resources anil an 
approximate tripling of NASA's budget during 
the mid-1990s. 

More important. NASA would be hard pressed 
to carry the weight of this ambitious initiative in 
the 1990s without severely taxing existing prc - 
grams. NASA’s available resources were 
strained to the limit flying nine Shuttle flights 
in one year. It will be difficult to achieve the op- 
erations capac:*' to launch and control 12 to 14 
Shuttle flights per year, and assemble, test, and 
continuously operate a Space Station in the mid- 
1990s. It would not be wise to embark on an am- 
bitious program whose requirements could over- 
whelm those of the Shuttle and Space Station 
during the critical next decade. 

This suggests that we should revise the ground 
rules and consider other approaches to human 
exploration of Mars. One alternative is to retain 
the scenario developed here, but.to proceed at 
a more deliberate (but still aggressive) pace, and 
allow the first human landing to occur in 2010. 
This spreads the investment over a longer 
period, and though it also delays the significant 
milestones and extends the length of commit- 
ment, it greatly reduces the urgency for Space 
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bullion evolution and growth, and consequently 
for transportation capabilities as well. 

We must pursue a more deliberate program; this 
implies that we should avoid a "race to Mars.” 
There is the very real danger that if the L an- 

nounces a human .Mars initiative at this time, it 
could escalate into another space race. Whether 
such a race was real or perceived, there wouhl 
he constant pressure to set a timetable, to accel- 
erate it if possible, and to avoid falling behind. 
Schedule pressures, as the Rogers Commission 
noted, can have a very real, adverse effect. The 
pressure could make it difficult to design and 


implement a program which would have a .:trong 
foundation and adequate momentum to sustain 
itself beyond the first few piloted missions. This 
could turn an initiative that envisions the even- 
tual development jf a habitable outpost into 
another one-shot spectacular. Such a dead-end 
venture does not have the support of most NASA 
personnel. Neither, according to the National 
Commission on Space, does it have the support 
of the public. A "theme brought forward re- 
peatedly" in the Commission's extensive public 
sessions was "a strong wish that 'ur next goal 
for piloted space activity not be anotherd/W/o 
- a one-shot foray or a political stunt.” 


THE OFFICE OF EXPLORATION 


During the majority of this work, there was no 
focal point within NASA for studies on human 
exploration. Recognizing this deficiency, and 
adopting one of the early recommendations of 
this study, the NASA Administrator has es- 
tablished the Office of Exploration to fund, 
direct, and coordinate studies related to 
human exploration. 

Both of the human exploration initiatives de- 
scribed in this work were generated in a work- 
shop or task force environment. The three to 
four months devoted to their formulation were 
adequate only to develop the starting point for 
in-depth studies. The Office of Exploration 
will be responsible for coordinated mission 
studies to develop these and other scenarios, 
to assess mission concepts and schedules, 
and to study trade-offs in requirements, 
technology, transportation, and facilities 
utilization. Advanced technology and trans- 


portation requirements cannot be developed 
in a vacuum. These mission studies will pro- 
vide a context for planning technology and 
transportation development and Space Sta- 
tion evolution (and studies in these areas will, 
of course, feed back into the mission 
scenarios). 

The establishment of the Office of Explora- 
tion was an important step. Adequate support j 
of the Office will be equally important, and 
wili be an indication of the commitment to 
long-term human exploration. There is some 
concern among observers that the Office was 
created only to placate critics, not to provide 
a serious focus for human exploration. 

Studies relating to human exploration of the 
Moon or Mars currently command only about 
.03 percent of NASA’s budget (approximately 
1 dollar out of 3000); this is not enough. 
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The scenario described in this report is a 
rational, sustained program, leading to an out- 
post and eventual permanent base on Mars. But 
there is some fear that it is susceptible to trans- 
formation into a stunt. This could mortgage the 
viable space program we hope to have in the 
1 r KH)s for a ''spectacular.*' which may have lew 
Listing benefits. 

Settling Mars should be our eventual goal, but 
it should not be our next goal. Sending people 
fo und from Mars is not the only issue involved. 
Understanding the requirements and implica- 
tions of building anti sustaining a permanent 
base on another world is equally important. We 
should adopt a strategy of natural progression 
which leads, step by step, in an orderly, unhur- 
ried way. inexorably toward Mars. 


Outpost on the Moon 

The Lunar initiative is a logical part of a long- 
range strategy for human exploration. The Mo- 
tional Commission on Space recommended that 
? ie U.S. follow a “natural progression for future 
wee activities within the solar system." and 
concluded that the natural progression of human 
exploration leads next Uy the Moon. 

The establishment of a lunar outpost would be 
a significant step outward from Earth - a step 
that combines adventure, science, technology, 
and perhaps the seeds of enterprise. Exploring 
and prospecting the Moon, learning to use lunar 
resources and work within lunar constraints, 
would provide the experience and expertise 
necessary for further human exploration of the 
solar system. 

The Lunar initiative is a major undertaking. 
Like the Mars initiative, it requires a national 
commitment that spans decades. It, too. de- 
mands an early investment in advanced technol- 
ogy, Earth-to-orbit transportation, and a plan for 



Space Station evolution. Even considering its 
gradual evolution over the fire! five years, file 
ambitious buildup of the lunar outpost e 
visioned >n this scenario would require a high 
level of effort in the mid-to-late 1990s, and 
would placesubstantial demands on transporta- 
tion and orbital facilities. This is a period when 
resources may be scarce. 

However, this initiative is quite flexible. 

Its pace can be controlled, and more im- 
portant. adapted to capability. It is possible to 
t.y the foundation of the outpost in the year 
2000, then build it gradually, to ease the burden 
on transportation and Space Station at the turn 
of the century. 

The Lunar initiative is designed to be evolution- 
ary. not revolutionary. Relying on the Space 
Station for systems and subsystems, for opera- 
tions experience, and for technology develop- 


“lent and testing. il builtia on and gradually ex- 
tends existing capabilities Manx ofilit- >\ stems 
needed lui reaching outward tu Mars could be 
developed and proven in the course of work in 
tile Earth- \loe:i region. It is not absolute!' 
necessary to establish tins stepping stone, but 
it certainly makes sense to gain experience. t.v 
jier. ise. and confidence oearei Earth first, and 
then to set ee; ior Mari. 

This study did no* include an assessment* of the 
.‘eve! oJ public iUJIIxm; for these imtialrres. 
However, there is considerable sentimen: that 
■\(h Ua was a dead-end venture, and we have lit- 
tle lelt to show for il. Although this taak force 
found some who dismissed this initiative be- 
cause “we’ve been to the Moon," it found many 


more who feel that this generation should con- 
tinue tile work liegun in ApoJtt ■. 

Although explorers have reached the Moon, the 
Moon fu' .lot tieen fully explored. Tins initiative 
would push hack frontiers, not to achieve a blaze 
of glory, but to explore, to understand, io learn, 
ami to deve 1 >p: it would place 'he Apollo Pro- 
gram into a broader context o’ eeiitiiuiin*; ex- 
ploration. spanning several generations of 
Americans. And it fits beautifully into a natural 
rugression of human expansion that leads 
"from the highlands of the Moon to the plains of 
Mars.’ 




CONCLUSION 


O ver the last 25 veais, as a result of the success of programs like 
Apollo. Skrlab, Viking. Voyager, and the Space Shuttle, the Amer- 
ican public has come to expect this country to lead the world in spare 
science, space exploration, and space enterprise. But during the 1980s, 
membership in the once-exclusi ve club of spacefaring nations has grown, 
and our leadership is being challenged in many areas. 

In today's world. America clearly cannot be the leader in all space en- 
deavors. But we will be the leader in very few unless we move promptly 
to develop a strategy to regain and retain leadership in those areas we 
deem important. 

Leadership results from both the capabilities a country has acquired and 
the active demonstration of those capabilities. Thus, the strategy we 
choose must lay a strong foundation of scientific research and technology 
development, and must include visible, significant accomplishments 
that demonstrate the successful pursuit of our slated goals. 

To stimulate a discussion of the future of the L’.S. civilian space program, 
four potential leadership initiatives were developed. Each fits comfort- 
ably under the umbrella of NASA's charter, each contains visible mile- 
stones within the next two decades, and each requires a solid foundation 
of technology, transportation, and orbital facilities. 

It would not be good strategy, good science, or good policy for the L’.S. 
to select a single initiative, then pursue it singie-nundedly. Tire pursuit 
of a single initiative to the exclusion of all others results in leadership 
in only a limited range of space endeavor. 

A strategy for the L .S. space program must be carefully selected to lie 
consistent with our national aspirations and consistent with NASA’s 
capabilities, it is not NASA’s role to determine the strategy for the civil- 
ian space program. But it is NASA’s role to lead the debate, to propose 
technically feasible options, and to make thoughtful recommendations. 
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It is in this spirit lliat we suggest the outline of 
one strategy — a strategy of evolution ami natu- 
ral progression. The strategy would Iwgin by in- 
creasing our cajiabilities in transportation and 
technology — not as goals in themselves, but as 
the necessary means to achieve oar goals in sci- 
ence and exploration. The most critical and im- 
mediate needs are related to advanced tntnspor- 
tation systems to supplement ami complement 
the Space Shuttle, and advanced technology to 
enable lire bold missions of the next century. 
U ntil we can get people and cargo to and from 
orbit reliably and efficiently, our reach will ex- 
ceed our grasp; until we begin the technologies 
proposed by Project Pathfinder, the realization 
of our aspirations will remain over a decade 
away. 

The strategy emphasizes evolving our capa- 
bilities in low-Earth orbit, and using those 
capabilities to study our own world and explore 
others. With these capabilities, we would po- 
sition ourselves to lead in characterizing and un- 
derstanding planet Earth: we would also posi- 
tion ourselves to continue leading the way in 
human exploration. 

According to the NASA Advisory Council's 
Task Force on Coals. “Recognized leadership 
absolutely requires the expansion of human life 
beyond the Earth, since human exploration is 
one of the most challenging and compelling dis- 
plays of our space faring abilities." 

We should explore the Moon for what it can tell 
us. and what it can give us - as a scientific lali- 
oratory and observing platform, as a research 


and technology test bed. and as a potential 
source of imports nt resources. While exploring 
tile Muon, we would learn to live and work on 
a hostile world lieyond Earth. This should Ih* 
done in an evolutionary manner, and on a time 
scale that is consistent with our developing 
capabilities. 

Hie natural progression of human exploration 
then leads .o Mars. There is no doubt that 
exploring, prospecting, am! settling Mars 
should lie the ultimate objectives of human ex- 
ploration. But America should not rush head- 
long toward Mars; we should adopt a strategy to 
continue an orderly expansion outward from 
Earth. 

The National Commission on Space urges 2 1 st 
Century America “To lead the exploration and 
development of the space frontier, advancing 
science, technology, and enterprise, and build- 
ing institutions and systems that make accessi- 
ble vast new resources and support human set- 
tlements beyond Earth orbit, from the highlands 
of the Moon to the plains of Mars.” The United 
States space program needs to define a course 
to make this vision a reality. 
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EDUCATION 


An informed public is essential to both the 
near-and long-term interests of the nation's 
civilian space program. The public needs an 
appropriate base of knowledge of scientific 
and technological issues in order to make 
educated decisions on space-related goals. 
Additionally, today's educational system 
must produce the high caliber scientists, en- 
gineers, technicians, social scientists, ami 
humanists that will actually manage the 
large-scale space programs that are now en- 
visioned. This means capturing the imagi- 
nations and interests of young people at an 
early stage in their educational careers and 
encouraging them to pursue studies that will 
prepare them to actively participate in the 
space program. 

“Unless the youth of this nation are strongly 
motivated to seek their careers in the often 
difficult fields of science and technology — of 
which space is a particularly exciting and re- 
warding constituent - no amount of federal 
program emphasis can by itself sustain a 
long-tom leadership role for the U.S. in civil 
space activities.” US. Cml Space Program: 
An AIAA Assessment, 1987 

“As revealed in a recent national survey of 
student achievement, an estimated 90 per- 
cent of America’s high school graduates may 
not be capable of accomplishing even the 
most routine high-technology tasks in the fu- 
ture. While up to 90 percent of high school 
graduates in other countries enjoy a profi- 
ciency in math and science, a mere 6 percent 
of U.S. graduates attain the same aptitudes. 


. . . This challenge exists at every level from 
elementary through graduate education.” 
Pioneering the Space Frontier, 1986 

“Thus, a strong educational system is an es- 
sential component of a vital science without 
which scientific progress would come to a 
rapid halt It is most important to ensure that 
students are being broadly educated in con- 
cepts and skills which will be useful through- 
out their careers.” The Crisis in Space and 
Earth Science, 1986 

“The future of space biology mid medicine 
will depend on the quality of the young people 
attracted to the field. NASA should expand 
its fellowship programs to encourage predoc - 
toral and postdoctoral training at Univer- 
sities, research institutes, and NASA re- 
search centers. Even in a period of reduced 
flight opportunities, there is exciting impor- 
tant research to be done in ground-based 
laboratories." A Strategy for Space Biology 
and Medical Science, 1987 
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